Emerging and re-emerging infectious diseases, such as SARS, MERS, Zika and highly 25 pathogenic influenza present a major threat to public health 1-3 . Despite intense research 26 effort, how, when and where novel diseases appear are still the source of considerable 27 uncertainly. A severe respiratory disease was recently reported in the city of Wuhan, 28 Hubei province, China. At the time of writing, at least 62 suspected cases have been 29 reported since the first patient was hospitalized on December 12 nd 2019. Epidemiological 30 investigation by the local Center for Disease Control and Prevention (CDC) suggested 31 that the outbreak was associated with a sea food market in Wuhan. We studied seven 32 patients who were workers at the market, and collected bronchoalveolar lavage fluid 33 (BALF) from one patient who exhibited a severe respiratory syndrome including fever, 34 dizziness and cough, and who was admitted to Wuhan Central Hospital on December 35 26 th 2019. Next generation metagenomic RNA sequencing 4 identified a novel RNA virus 36 from the family Coronaviridae designed WH-Human-1 coronavirus (WHCV). 37 Phylogenetic analysis of the complete viral genome (29,903 nucleotides) revealed that 38 WHCV was most closely related (89.1% nucleotide similarity similarity) to a group of 39 Severe Acute Respiratory Syndrome (SARS)-like coronaviruses (genus Betacoronavirus, 40 subgenus Sarbecovirus) previously sampled from bats in China and that have a history 41 of genomic recombination. This outbreak highlights the ongoing capacity of viral spill-42 over from animals to cause severe disease in humans. 43 44
observed, but white blood cell and blood platelet count was normal in a complete blood count 69 (CBC) test. Elevated levels of C-reactive protein (CRP, 41.4 mg/L of blood, reference range 70 0-6 mg/L) was observed and levels of aspartate aminotransferase, lactic dehydrogenase, and 71 creatine kinase were slightly elevated in blood chemistry tests. The patient had mild 72 hypoxemia with oxygen levels of 67mmHg by the Arterial Blood Gas (ABG) Test. On the 73 first day of admission (day 6 after the onset of illness), chest radiographs were abnormal with ). The condition of the patient did not improve after three days of treatment with combined 83 antiviral and antibiotic therapy. He was admitted to the intensive care unit (ICU) and 84 treatment with a high flow non-invasive ventilator was initiated. The patient was transferred 85 to another hospital in Wuhan for further treatment 6 days after admission. 86 To investigate the possible aetiologic agents associated this disease, we collected 87 bronchoalveolar lavage fluid (BALF) from patient 1 and performed deep meta-transcriptomic 88 sequencing. All the clinical specimens were handled in a biosafety level 3 laboratory at the 89 Shanghai Public Health Clinical Center. Total RNA was extracted from 200μl BAL fluid and 90 a meta-transcriptomic library was constructed for pair-end (150 bp) sequencing using an 91 Illumina MiniSeq as previously described [4] [5] [6] [7] . In total, we generated 56,565,928 sequence 92 reads that were de novo assembled and screened for potential aetiologic agents. Of the 93 384,096 contigs assembled by Megahit 8 , the longest (30,474 nucleotides [nt] ) had high 94 abundance and was closely related to a bat SARS-like coronavirus isolate -bat-SL-CoVZC45 95 (GenBank Accession MG772933) -previously sampled in China, with a nt identity of 89.1% 96 (Table S1 and S2). The genome sequence of this novel virus, as well as its termini, were 97 determined and confirmed by RT-PCR 9 and 5'/3' RACE kits (TaKaRa), respectively. This 98 new virus was designated as WH-Human 1 coronavirus (WHCV) (and has also been referred 99 to as '2019-nCoV') and its whole genome sequence (29,903 nt) has been assigned GenBank 100 accession number MN908947. Remapping the RNA-seq data against the complete genome of 101 WHCV resulted in an assembly of 123,613 reads, providing 99.99% genome coverage at a 102 mean depth of 6.04X (range: 0.01X -78.84X) ( Figure S2 ). The viral load in the BALF sample 103 was estimated by quantitative PCR (qPCR) to be 3.95×10 8 copies/mL ( Figure S3 ).
104
The viral genome organization of WHCV was characterized by sequence alignment 105 against two representative members of the genus Betacoronavirus: a human-origin 106 coronavirus (SARS-CoV Tor2, AY274119) and a bat-origin coronavirus (Bat-SL-CoVZC45, 107 MG772933) ( Figure 2 ). The un-translational regions (UTR) and open reading frame (ORF) of 108 WHCV were mapped based on this sequence alignment and ORF prediction. The WHCV 109 viral genome was similar to these two coronaviruses (Figure 2 and Table S3 ), with a gene 110 order 5'-replicase ORF1ab-S-envelope(E)-membrane(M)-N-3'. WHCV has 5' and 3' terminal 111 sequences typical of the betacoronaviruses, with 265 nt at the 5' terminal and 229 nt at the 3' 112 terminal region. The predicted replicase ORF1ab gene of WHCV is 21,291 nt in length and 113 contained 16 predicted non-structural proteins (Table S4) to SARS-CoV in that it carries a predicted ORF8 gene (366 nt in length) located between the 119 M and N ORF genes. The functions of WHCV ORFs were predicted based on those of known 120 coronaviruses and given in Table S5 . In a manner similar to SARS CoV Tor2, a leader 121 transcription regulatory sequence (TRS) and nine putative body TRSs could be readily 122 identified upstream of the 5' end of ORF, with the putative conserved TRS core sequence 123 appeared in two forms -the ACGAAC or CUAAAC (Table S6) .
124
To determine the evolutionary relationships between WHCV and previously identified 125 coronaviruses, we estimated phylogenetic trees based on the nucleotide sequences of the 126 whole genome sequence, non-structural protein genes ORF1a and 1b, and the main structural Figure S4 ), WHCV was most closely related to the bat coronavirus bat-SL-CoVZC45 with 134 82.3% amino acid (aa) identity (and ~77.2% aa identity to SARS CoV; Table S3 ), while in the 135 ORF1b phylogeny WHCV fell in a basal position within the subgenus Sarbecovirus ( Figure   136 3). This topological division was also observed in the phylogenetic trees estimated for 137 conserved domains in the replicase polyprotein pp1ab ( Figure S5 ).
138
To better understand the potential of WHCV to infect humans, the receptor-binding 139 domain (RBD) of its spike protein was compared to those in SARS-CoVs and bat SARS-like 140 CoVs. The RBD sequences of WHCV were more closely related to those of SARS-CoVs 141 (73.8%-74.9% aa identity) and SARS-like CoVs including strains Rs4874, Rs7327 and 142 Rs4231 (75.9%-76.9% aa identity) that are able to use the human ACE2 receptor for cell entry 143 (Table S7) 10 . In addition, the WHCV RBD was only one amino acid longer than the SARS- Figure 4 , c-f). In accord with the sequence alignment, the predicted protein structures of 153 WHCV and Rs4874 RBD domains were closely related to that of SARS-CoVs and different 154 from the predicted structure of the RBD domain from Rp3. In addition, the N-terminus of 155 WHCV S protein is more similar to that of SARS-CoV rather than other human coronaviruses 156 (HKU1 and OC43) ( Figure S6 ) that can bind to sialic acid 13 . In sum, the high similarities of 157 amino acid sequences and predicted protein structure between WHCV and SARS-CoV RBD 158 domains suggest that WHCV may efficiently use human ACE2 as a cellular entry receptor, 159 perhaps facilitating human-to-human transmission 10, 14-15 . Soc. Exp. Biol. Med. 121, 190-193 (1966) . Virol.79,884-895 (2005) . Sequencing reads were first adaptor-and quality-trimmed using the Trimmomatic program 26 .
339
The remaining reads (56,565,928 reads) were assembled de novo using both the Megahit As the longest contigs generated by Megahit (30,474 nt) and Trinity (11,760 nt) both 351 had high similarity to the bat SARS-like coronavirus isolate bat-SL-CoVZC45 and were at 352 high abundance (Table S1 and Table S8 . The
355
PCR assay was conducted as described previously 9 and the complete genome termini was Table S1 . The top 50 abundant assembled contigs generated using the Megahit program. 439   Table S2 . The top 80 abundant assembled contigs generated using the Trinity program.
440 Table S3 . Amino acid identities of the selected predicted gene products between the novel 441 coronavirus (WHCV) and known betacoronaviruses. Table S8 . PCR primers used in this study. 
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